Introduction
Water-soluble vitamins in multi-vitamin preparations have been analysed by ion-pair chromatography using alkyl-and amino-bonded phase-column packings [1, 2 and 3]. However, the efficiency of high-performance liquid chromatography (HPLC) as an analytical technique in terms of analysis time can often be fully realized only where rapid sample preparation techniques are available. Ideally this should involve automated sample preparation directly coupled to the chromatograph. The use of continuous-flow techniques to perform the sample preparation in an automatic HPLC system has been described for the analysis of fat-soluble vitamins [4 and 5] , and for drugs in blood serum [-6 and 7] . The potential application of. the technique to water-soluble vitamins has been outlined in a review by Burns [8-1 of systems for automated pre-and postcolumn reactions. This article describes a system which analyses nicotinamide, thiamin, pyridoxine and riboflavin in pharmaceutical products at a rate of five to 10 samples/h. FAST 
Sampling rate
The sampling rate is set by the slower ofthe two functions of the system: sample preparation and chromatography. In order to minimize variations in the system response it is desirable to achieve a steady-state concentration of sample in the injection loop both at the moment ofinjection and for a period before and after the nominal injection time; otherwise, variations in the system lag time will affect the proportion of the sample which is injected. It is also desirable that there is no carry-over from one sample to the next. Experiments showed that a 6 min cycle was necessary to give a 2.5 min period of steady-state concentration in the injection loop. While this may seem excessive in terms of AutoAnalyzer practice, ifthe injection loop volume is 50 #1 the time taken to fill it three times over (a commonly accepted condition for complete purging) is about 1.5 min. The 30 s margin each side allows for variation in lag time due to changes in the pump tube flow rates. 6min also represent,s the minimum time for a complete chromatogram when the HPLC flow rate is limited to 2 ml/min in order to maximize the resolution. Some products contained an unidentified constituent (k= 10) which necessitated a cycle time of 12 min. In this latter case the LC pump flow rate was increased to 4 ml/min after the elution of thiamin.
Sensitivity
The sensitivity may be adjusted by the volume of extracting solvent, the dilution before dialysis and the injection volume. The upper limit is set by the linearity of the detector response to nicotinamide, which is both the highest concentration vitamin and the earliest eluted; the lower limit by the maximum injection volume which gives an acceptable peak shape, the detector wavelength and sensitivity, and the resolution of the vitamins from interferences. Experiments with injection volumes showed that the shape ofthe nicotinamide peak was unacceptably broad at volumes greater than 100 ktl. The peak shapes of the later eluting vitamins were, however, acceptable at this volume.
The extracting solvent is set at its upper limit by the capacity of the homogenizer, and at its lower limit by the acceptable concentration ofsolids in the homogenized sample or by the sum ofthe homogenizer dead volume (25 ml) and the sample volume. The choice ofdetector wavelength has been discussed by Walker et al. [2] , and 272 nm was used.
Start-up procedure
Operation ofthe system is begun by turning on the heating baths for the sample diluent and dialyser temperature stabilization and starting the peristaltic and LC pumps. The diluent volume, cycle time and LC pump flow rate are set as previously determined for the product being analysed. The injection time will have been determined during the last phasing of the instrument. When the temperature and hydraulic conditions have reached equilibrium (about 30 min) two empty cups are run on the sampler to allow-the homogenizer to reach its working temperature, followed by calibrators and samples.
Results
Chromatograms from two products are shown in figures 2 and 3. The results were calculated from the manual measurement ofthe peak height of each vitamin (relative to that of the internal standard, if used), taking into account the volume of the standard solution. The system response was linear over the range of sample levels for each vitamin stated previously (r > 0"998), and single-point calibration was used in routine analysis. The coefficient of variation on aqueous standards (N= 18) was: nicotinamide 2.2, pyridoxine 2.0, riboflavin 2-0, thiamin 2"4, using the internal standard; and 1.6, 2.0, 3.6 and 2"2 respectively for results calculated without reference to the internal standard. The carry-over was less than 0"5 for each vitamin and for the internal standard, using a 6 min cycle, and results were not corrected for carry-over. The precision and accuracy for tablet analysis were determined from spiked placebo recovery experiments. For the example shown in this article, a FAST-LC system was run on five consecutive days using a pseudo-randomized tray protocol based on the description of Daniel [9] .
For this study calibrators were placed after every nine samples, which consisted of vitamin-free placebos from a micropelleted formulation with the four vitamins to be measured added at 33%, 66?/o and 1007/o of the calibrator concentrations.
The amounts of each vitamin are typical of commonly used preparations. The diluent volume was 85ml, the injection volume was 50 #1 and the LC flow rate 1-5 ml/min. The 
Discussion
The data in table demonstrate the system's performance with samples of different content in the same run. When only one product is being analysed, with the extraction and LC conditions optimized for the levels concerned, the day-to-day coefficients of variation are similar to those for the highest concentration in this study, namely from 2"0% for thiamin to 2.7 for riboflavin. Kirchmeier and Upton [3] reported reproducibilities between 0.5 and 3.0 on batches of four replicates on five products; the sample preparation consisted of 10min dissolution in an ultrasonic bath, followed by dilution to volume and filtration; the LC analysis time was 35 min. Walker et al. [2] analysed 10 products with reproducibilities over a three-month period ofbetween 0'6 and 2"0; the samples were shaken for 60min and then filtered; the LC analysis time was 30min, and an average of.16 samples were analysed per day. Allowing one hour for start-up and shut-down and assuming one calibrator for every nine samples, the system described in this paper analyses 36 to 72 samples per 9 h day.
The system has successfully analysed products intended for human consumption of the types and concentrations described; 
